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mercapto ethyl) amino] propionamide p-toluenesulfonate (WR-2529), S-l-(2- 
hydroxy-3 -amino) propyl phosphorothioic acid (WR-77913), 2-[3- 
(methylamino) propylamino] ethanethiol (WR-255591), S-2-(5- 
aminopentylamino) ethyl phosphorothioic acid (WR-2823), and l-[3-(3- 
aminopropyl) thiazolidin-2-Yl]-D-gluco-l,2,3,4,5 pentane-pentol 
dihydrochloride (WR-255709). 
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(b) administering said dosage to the mammal one of at least 
before irradiation and up to about 3 hours after irradiation of the mammal. 

14. The method as defined in Claim 13 wherein said 
phosphorothioate and metabolite are selected from the group consisting of 3- 
[(2-mercaptoethyl) amino] propionamide p-toluenesulfonate (WR-2529), S-l- 
(aminoethyl) phosphorothioic acid (WR-638), S-[2-(3-methylaminopropyl) 
aminoethyl] phosphorothioate acid (WR-3689), and S-l-(2-hydroxy-3 -amino) 
propyl phosphorothioic acid (WR-77913). 

15. The method as defined in Claim 14 wherein said dosage is 
administered about 30 minutes before irradiation. 

16. The method as defined in Claim 14 wherein said 
phosphorothioate or metabolite is phosphorothioic acid (WR-638) with said 
dosage of about 520 mg/kg and administered only after irradiation and within 10 
minutes of the irradiation. 

17. The method as defined in Claim 14 wherein said 
phosphorothioate or metabolite is administered only before irradiation and is 
selected from the group consisting of S-[2-(3-methylaminopropyl) aminoethyl] 
phosphorothioate acid (WR-3689), and S-2-(4-aminobutylamino) 
ethylphosphorothioic acid (WR-2822). 

18. A method for reducing mammal cell mutation induced by 
irradiation, comprising the steps of: 

(a) preparing a dosage of at least about 25mg/kg of mammal 
body weight of a chemical agent selected from the group consisting of 
phosphorothioates and an associated phosphorothioate metabolite; and 

(b) administering said dosage to the mammal one of at least 
30 minutes before irradiation and up to about 3 hours after irradiation of the 
mammal. 

19. The method as defined in Claim 1 8 wherein said chemical agent is 
a phosphorothioate moiety able to form a polyamine-like disulfide following 
cellular metabolism. 

20. The method as defined in Claim 1 8 wherein said chemical agent is 
selected from the group consisting of S-l -(aminoethyl) phosphorothioic acid 
(WR-638), S-[2-(3-methylaminopropyl) aminoethyl] phosphorothioate (WR- 
3689), S-2<4-aminobutyIamino) ethylphosphorothioic acid (WR-2822), 3-[(2- 
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6. The method as defined in Claim 3 wherein the irradiation is fast 
neutrons. 

7. The method as defined in Claim 3 wherein said time of 
administering said dosage ranges from immediately after irradiation to 3 hours 
following irradiation. 

8. The method as defined in Claim 3 further including the step of 
administering said dosage prior to the irradiation of the mammal. 

9. A method for reducing mammal cell mutations induced by prior 
irradiation, comprising the steps of: 

(a) preparing a dosage of at least about 25 mg/kg of mammal 
body weight of a disulfide metabolite selected from the group of a 
phosphorothioate compound; and 

(b) administering said dosage to the mammal at a time period 
ranging from immediately after irradiation to about 3 hours after irradiation of 
the mammal 

10. The method as defined in Claim 9 wherein said disulfide 
metabolite forms a polyamine type disulfide when administered to the mammal 

1 1 . The method as defined in Claim 9 wherein said disulfide 
metabolite of phosphorothiate compound is 2-[(aminopropyl) amino] 
ethanethiol 

12. The method as defined in Claim 9 wherein said phosphorothioate 
compound is selected from the group consisting of S-l-(aminoethyl) 
phosphorothioic acid (WR-638), S-[2-(3-methylaminopropyI) aminoethyl] 
phosphorothioate acid (WR-3689), S-2-(4-aminobutylamino) 
ethylphosphorothioic acid (WR-2822), 3-[(2-mercapto ethyl) amino] 
propionamide p-toluenesulfonate (WR-2529), S-H2-hydroxy-3-amino) propyl 
phosphorothioic acid (WR-77913), 2-[3-(methylamino) propylamino] 
ethanethiol (WR-255591), S-2-(5-aminopentylamino) ethyl phosphorothioic acid 
(WR-2823), and l-[3-(3-aminopropyl) thiazolidin-2-Yl]-D-gluco-l,2,3,4,5 
pentane-pentol dihydrochloride (WR-255709). 

13. A method for reducing mammal cell mutations induced by 
irradiation, comprising the steps of: 

(a) preparing a dosage of at least about 25mg/kg of mammal 
body weight of a chemical compound selected from the group consisting of a 
phosphorothioate and an associated phosphorothioate metabolite; and 
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CLAIMS 

What is Claimed Ts - 

1 . An antimutagenic chemical agent for mammalian cells exposed to 
irradiation with said agent administered post irradiation to the mammalian cells 
with said agent at least one of a chemical compound selected from the group 
consisting of a phosphorothioate and an associated phosphorothioate metabolite. 

2. The antimutagenic chemical agent as defined in Claim 1 wherein 
said chemical compound is selected from the group consisting of S-l- 
(aminoethyl) phosphorothioic acid (WR-638), S-[2-(3-methylaminopropyl) 
aminoethyl] phosphorothioate acid (WR-3689), S-2-(4-aminobutylamino) 
ethylphosphorothioic acid (WR-2822), 3-[(2-mercapto ethyl) amino] 
propionamide p-toluenesulfonate (WR-2529), S-l-(2-hydroxy-3 -amino) propyl 
phosphorothioic acid (WR-77913), 2-[3-(methylamino) propylaminoj 
ethanethiol (WR-255591), S-2-(5-aminopentylamino) ethyl phosphorothioic acid 
(WR-2823), and l-[3-(3-aminopropyl)thiazolidin-2-Yl]-D-gluco-l,2,3,4,5 
pentane-pentol dihydrochloride (WR-255709). 

3 . A method for reducing mammal cell mutations induced by prior 
irradiation, comprising the step of: 

(a) preparing a dosage of at least about 25mg/kg of mammal 
body weight of a chemical compound selected from the group consisting of a 
phophorothioate and an associated phosphorothioate metabolite; and 

(b) administering said dosage to the mammal up to about 3 
hours after irradiation of the mammal. 

4. The method as defined in Claim 3 wherein said dosage is about 
400 mg/kg mammal weight. 

5. The method as defined in Claim 3 wherein said phosphorothioate 
and metabolite is selected from the group consisting of S-l -(aminoethyl) 
phosphorothioic acid (WR-638), S-[2-(3-methylaminopropyl) aminoethyl] 
phosphorothioate acid (WR-3689), S-2-(4-aminobutylamino) 
ethylphosphorothioic acid (WR-2822), 3-[(2-mercapto ethyl) amino] 
propionamide p-toluenesulfonate (WR-2529), S-l-(2-hydroxy-3-amino) propyl 
phosphorothioic acid (WR-77913), 2-[3-(methylamino) propylamino] 
ethanethiol (WR-255591), S-2-(5-aminopentylamino) ethyl phosphorothioic acid 
(WR-2823), and l-[3-(3-aminopropyl) thiazolidin-2-Yl]-D-gluco- 1,2,3,4,5 
pentane-pentol dihydrochloride (WR-255709). 
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to 750 cGy of 60 Co gamma rays (see FIG. 9). Phosphorothioates exhibited 
antimutagenic properties in mammals when administered 30 min prior to 
exposure to 750 cGy of 60 Co gamma rays. The phosphorothioates included S- 
[2-(3-methylaminopropyl) aminoethyl] phosphorothioate acid (WR-3689), and 
S-2-(4-aminobutylamino) ethylphosphorothioic acid (WR-2822). These data 
demonstrate that the antimutagenic properties of S-2-(3-aminopropyIamino) 
ethylphosphorothioic acid (WR-2721) are also observable in selected ones of the 
phosphorothioates and their associated metabolites. 

While preferred embodiments of the invention have been shown 
and described, it will be clear to those skilled in the art that various changes and 
modifications can be made without departing from the invention in its broader 
aspects as set forth in the claims provided hereinafter. 
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quantity, of DNA damage which is being affected by these agents. This is also 
consistent with the properties of polyamines which have been shown to stabilize 
DNA against enzymatic degradation. The prior art has indicated that the 
disulfide is not a protective metabolite of either the phosphorothioates or thiols. 
The instant data indicates however that the disulfide metabolite of the 
phosphorothioate is a protective moiety in preventing mutagen- (Le,, radiation) 
induced somatic mutations. The disulfide metabolite has a close similarity in 
structure and composition to polyamines, which are known endogenous agents 
capable of stabilizing chromatin and affecting DNA repair. Further, the 
phosphorothioates S-2-(3-aminopropylamino) ethyl (WR-2721), S-2-(4- 
aminobutylamino) ethyl (WR-2822), and S-2-(7-aminoheptylamino) ethyl have 
been shown in the prior art to competitively inhibit the uptake of the polyamine 
putrescine into rat lung tissue. The importance of the disulfide moiety in the 
post mutagen Q^, radiation) exposure-protection process against the formation 
of somatic mutations demonstrates a surprising advantage for phosphorothioate 
compounds which form polyamine-like disulfides for use as antimutagenic 
chemopreventive agents. 

Phosphorothioate Prote ction Against Mutagenesis 
The ability to protect against mutagen-induced somatic mutations 
is a general property of the phosphorothioates and their associated metabolites. 
This advantage demonstrated by the data obtained by experiments on cultured 
Chinese hamster ovary cells first exposed to 150 cGy of fission neutrons and 
then applying for 30 min a quantity of 4 mM of either 3-[(2-mercaptoethyl) 
amino] propionamide p-toluenesulfonate (WR-2529), S-l-(aminoethyl) 
phosphorothioic acid (WR-638), S-[2-(3-methylaminopropyl) aminoethyl] 
phosphorothioate acid (WR-3689), and S-l-(2-hydroxy-3-amino) propyl 
phosphorothioic acid (WR-77913) (see FIG. 8). All of these agents, including 
2-[3-(methylamino) propylamino] ethanethiol (WR-255591) were effective 
antimutagens when they were added to ceUs at a concentration of 4 mM at about 
30 min prior to exposure to fission neutrons (see FIG. 8). 

Protection against radiation-induced somatic mutations in 
mammals (Le,, mice) was also demonstrated for S-l -(aminoethyl) 
phosphorothioic acid (WR-638) under conditions in which a dose of 520 mg/kg 
was administered ip to animals within about 10 min after whole-body exposure 
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HI. Disulfide Metabolite Mutagenic Protection 
The presence of disulfide metabolite of the phosphorothioate 
class of compounds corresponds to antimutagenic protection. This conclusion is 
based on the observations that, following the administration of 4 mM of 2- 
[(aminopropyl) amino] ethanethiol, protection against radiation-induced (he,, 
fission neutrons) somatic mutations at the hypoxanthine-guanine phosphoribosyl 
transferase locus in Chinese hamster ovary cells correlates with the measured 
disulfide as compared to the free thiol (see FIG. 5). 

Subsequent thiol and disulfide concentrations were measured by 
using monobromobiamine (mBBr), which reacts selectively with thiols via a Sn 2 
displacement process to produce a fluorescent derivative. These methods were 
developed to specifically measure 2-[(aminopropyI) amino] ethanethiol, its 
phosphorothioate, and its disulfide. Chinese hamster ovary cells, 5 x 10 6 in 5 ml 
of growth medium, were administered 4 mM of 2-[(aminopropyl) amino] 
ethanethiol for 30 min at 37°C. They were then centrifuged, washed with a 
buffer, and resuspended in fresh medium up to an additional 4 h. After 15 min, 
30 min, 1 h, 2h, and 4 h of incubation, a sample of cells was removed and 
exposed to 150 cGy of fission neutrons. At these times various measurements 
made included: survival measurements, mutation measurements, and intracelluar 
measurements of 2-[(aminopropyI) amino] ethanethiol and its disulfide. The 
data contained in FIG. 5 demonstrate that survival protection is well correlated 
with thiol measurements. This is consistent with conventional understandings 
and teachings. The disulfide concentration was measured to be significantly less 
than that of the thiol, but the rate of its decrease with time was less than that 
found for the thiol. Measured protection against mutagenesis remained constant 
over this time range correlating with the kinetics of disulfide as opposed to the 
thiol concentration. The disulfide form of this thiol closely resembles the 
polyamine spermine (see FIG, 6). Polyamines are known to be involved in the 
repair of DNA damage due to ionizing and UV irradiation. The measurements 
indicate an inability to protect against radiation-induced lethality by the 
phosphorothioate class of chemicals and their associated metabolites when they 
are added after radiation. Coupling these data with the demonstrated ability to 
protect against radiation-induced mutagenesis under similar post radiation 
exposure conditions, make it clear that it is thus the fidelity, not the amount or 
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of mice (see FIG. 1, ref. 10). The magnitude of protection is unchanged 
regardless of whether the phosphorothioate was administered 30 min before 
immediately following (i.e, within 10 min), or up to 3 h following irradiation of 
the test animals. 

The spontaneous mutant frequency of T lymphocytes from 
unirradiated control animals was stable and ranged from 9-10 x iO"? Following 
irradiation with 150 cGy of fission neutrons, the mutant frequency increased to 
5.6 x 10-5+2.3 x 10*5 (1 standard error of ^ mean) ^ 

animals administered S-2<3-amkopropylamino) ethylphosphorothioic acid 30 
min before immediately after, or 3 h following irradiation with 1 50 cGy of 
fission neutrons were 1.1 x 10*5 + 2.6 x 10-6 l0 x 10 -5 ± j 3 x ^ andlAx 
10" 5 + 5.8 x 10-6, respectively. 

n Phosphorothioate Prnfertinn from [, nw FW^c 
The phosphorothioates and associated metabolites further 
achieve mutagen protection at very low concentrations, compared to 
concentrations required to protect against ceU lethality. This conclusion is based 
on the observations that S-2<3-aminopropylamino) ethyl phosphorothioic acid is 
equally antimutagenic at concentrations of 400 mg/kg, 200 mg/kg, 100 mg/kg 
and 50 mg/kg (see FIG. 2, ref. 10). Mutant frequencies of T lymphocytes 
isolated from mice irradiated with 150 cGy of fission neutrons were 9.0 x 10-5 + 
1.2 x 10-5 (1 standard error of the mean) for irradiated controlS) l 2 x 10 _ 5 ± 
1.0 x 10-5 (Sf } for 400 mg/kg 7 g x 10 . 6 ± 2 ? x io . 6 (s £ ^ ^ 

1.5 x 10-5 + 1.4 x 10-6 (S.E.) for 100 mg/kg, and 6.3 x 10"6 + 3.2 x I0 -6 (s E ) 
for 50 mg/kg. Under in vitro conditions, the free thiol form of S-2-(3- 
aminopropylamino) ethylphosphorothioic acid, U, 2-[(aminopropyl) amino] 
ethanethiol was administered as an antimutagen to cultured Chinese hamster 
ovary cells at a concentration range from 4 mM down to 0.01 mM. When 
administered 30 min prior to irradiation with 750 cGy of 60 Co gamma rays (see 
FIG. 3), the drug and its metabolite is significantly effective as an antimutagen. 

Administration of 2-[(aminopropyl) amino] ethanethiol also 
results in the formation of its disulfide. Protection against the cell killing effects 
of radiation by 2-[(aminopropyl) amino] ethanethiol rapidly diminishes as the 
concentration falls from 4 mM to 0.01mM (see-FIG. 4). 
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thiazolidin-2-Yl ]-D-gluco-l,2,3,4,5-pentane-pentol dihydrochloride (WR- 
255709), in protecting against radiation-induced mutagenesis as a function of 
administration either 30 min before or immediately after irradiation of B6CF, 
mice with 1 50 cGy of fission-spectrum neutrons. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention is concerned with four general areas: 
(1) chemicals of the phosphorothioate designation and associated metabolites,' 
when administered to mammals ( i.e. , mice) following mutagen exposure ( i.e. . 
ionizing radiation including photon and fission-spectrum neutrons),protect 
against genotoxic damage which normally leads to the development of somatic 
mutations; (2) protection is obtained against mutagen-induced mutations by the 
phosphorothioates and associated metabolites at very low concentrations which 
are much less than required for protection against cell lethality; (3) protection 
against mutagen-induced somatic mutations by the phosphorothioates and 
associated metabolites is shown to correlate most closely with the disulfide 
metabolite; and (4) the ability to protect against mutagen-induced somatic 
mutations is a general property of the genus of phosphorothioates and their 
associated metabolites; and this is demonstrated by the observed antimutagenic 
properties of the species S-l-(aminoethyl) phosphorothioic acid (WR-638), S~ 
[2-(3-methylaminopropyl) aminoethyl] phosphorothioate (WR-3689), S-2-(4- 
aminobutylamino) ethylphosphorothioic acid (WR-2822), 3-[(2-mercapto ethyl) 
amino] propionamide p-toluenesulfonate (WR-2529), S-l-(2-hydroxy-3 -amino) 
propyl phosphorothioic acid (WR-77913), 2-[3-(methylamino) propylamino] 
ethanethiol WR-255591), S-2-(5-aminopentylamino) ethyl phosphorothioic acid 
(WR-2823), and l-[3-(3-aminopropyl) thiazolidin-2-Yl]-D-gluco-l,2,3,4,5 
pentane-pentol dihydrochloride (WR-255709). 

I. Phosphorothioate Genus Protection After Irradiation . 
Chemicals of the phosphorothioate genus and associated 
metabolites can protect against somatic mutations when administered to 
mammals following a mutagen exposure. This conclusion is based on the 
observation that S-2-(3-aminopropylamino) ethyl phosphorothioic acid, 
administered at a dose of 400 mg/kg up to 3 h following neutron radiation 
exposure, affords substantial protection against radiation-induced mutations at 
the hypoxanthine-guanine phosphoribosyl transferase locus in the T lymphocytes 
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FIGURE 3 demonstrates the relationship between the 
concentration of 2-[(aminopropyI) amino] ethanethiol (U,, WR-I065) and its 
protective ability against radiation-induced mutagenesis. Each error bar is one 
standard error of the mean; 

FIGURE 4 demonstrates the effect of concentration of 2- 
[(aminopropyl) amino] ethanethiol (ml, WR-1065) on its protective ability 
against radiation-induced lethality. Each-error bar is one standard error of the 
mean; 

FIGURE 5 demonstrates the effect of cellular levels of 2- 
[(aminopropyl) amino] ethanethiol (re,, WR-1065) and its disulfide (i^, WRSS) 
on the protection against cell killing in FIG. 5B and protection against 
mutagenesis in FIG. 5C following irradiation with 150 cGy of fission-spectrum 
neutrons. Each error bar is one standard error of the mean; 

FIGURE 6 demonstrates the behavior of the disulfide form 
(designated WR-33278) of 2-[(aminopropyl) amino] ethanethiol (designated 
WR-1065) compared to the polyamine spermine; 

FIGURE 7 i and ii illustrates the chemical structures of the 
phosphorothioates/aminothiols used; 

FIGURE 8 demonstrates the effectiveness under in vitro 
conditions of 3-[(2-mercaptoethyl) amino] propionamide p-toluenesulfonate 
(designated WR-2529); S-l-(aminoethyl) phosphorothioic acid (designated WR- 
638); S-[2-(3-methylaminopropyl amino ethyl] phosphorothioate (designated 
WR-3689), S-l-(2hydroxy-3-amino) propyl phosphorothioic acid (designated 
(WR-77913); and 2-[3-methylamino) propylamine] ethanethiol (designated WR- 
255592) in protecting against radiation-induced mutagenesis. These results are 
shown as a function of administration either 30 min before or immediately after 
irradiation with 150 cGy of fission-spectrum neutrons. Each error bar is one 
standard error of the mean; and 

FIGURE 9 demonstrates the effectivess, under in vivo 
conditions, of S-2-(3-aminopropylamino) ethyl phosphorothioic acid (WR- 
2721); S-l-(aminoethyl) phosphorothioic acid (WR-638); S-[2-(3- 
methylaminopropyl) aminoethyl] phosphorothioate acid (WR-3689); S-2-(4- 
aminobutylamino) ethylphosphorothioic acid (WR-2822); S-2-(5- 
aminopentylamino) ethyl phosphorothioic aid (WR-2823); l-[3-(3-aminopropyl) 
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Accordingly, there exists a need for a method for protecting 
against radiation-induced mutations which will be amenable to pre- and/or post- 
radiation administration and which will be effective at relatively low non-toxic 
concentrations so as to allow use in mammals and also allow for multiple, as 
well as single, administrations. 

Accordingly, it is an object of the present invention to provide a 
novel method and substance for reducing mutations of mammal cells, including 
humans, exposed to radiation. 

It is another object of the invention to provide an improved 
method and aminothiol agents which diminish mutation of cells exposed to 
radiation, even though administered after irradiation. 

It is an additional object of the invention to provide a method 
using S-omega-(omega-aminoalkylamino) alkyl dihydrogen phosphorothioates 
to mimimize the effects of irradiation on cell mutation. 

It is still another object of the invention to provide a class of 
aminothiol agents which metabolize in vivo to produce free sulfhydryl groups 
and disulfides for protection against radiation-induced mutations in mammals. 

It is a further object of the invention to provide a novel 
mechanism by which the resultant disulfide species found via the metabolic 
process of the phosphorothioate agent is utilized to diminish all mutations 
caused by irradiation. 

These and other objects of the present invention will become 
apparent from consideration of the following description of preferred 
embodiments, examples, claims and the drawings described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 demonstrates the performance of S-2-(3- 
aminopropylamino) ethylphosphorothioic acid (also identified as WR-2721) to 
protect against radiation-induced mutagenesis when administered either 30 min 
before, immediately after, or 3 h following irradiation. Error bars represent one 
standard error of the mean; 

FIGURE 2 demonstrates the performance at low concentrations 
of S-2-(3-aminopropylamino) ethylphosphorothioic acid ( i.e. . WR-2721) in the 
range of from 400 mg/kg to 10 mg/kg. Error bars represent one standard error 
of the mean; 
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These chemical agents are operationally defined as materials 
which can protect against genotoxic damage induced by known mutagens and 
carcinogens occuring as a result of ionizing radiation administered after injestion 
of the chemical agent or drugs. The accepted protective mechanisms of action 
of these drugs include: the scavenging of free radicals produced as a result of 
the radiolysis of cellular water (presumably, free radical damage to DNA); the 
repair of chemical lesions via hydrogen atom donation; and the induction of 
cellular hypoxia. The deleterious effects of radiation occur via the deposition of 
energy in less than 10~12 SeC) wh j| e the re iax at j on 0 f ionizations and excitations 
occur in less than 10-2 sec Damage to DNA, which leads to cell lethality, is 
completed between lO' 7 and 10" 3 sec. These models are consistent with the 
failure to demonstrate protection against cell lethality by the phosphorothioates 
and related aminothiols when they are administered immediately following 
radiation exposure. 

In 1985 it was reported that a free thiol designated 2- 
[(aminopropyl)amino] ethanethiol could protect against somatic mutations at the 
hypoxanthine-guanine phosphoribosyl transferase locus in cultured rodent cells 
(designated V79), even if it were administered 3 h following irradiation. These 
in vitro results relating to post irradiation exposure and protection by this agent 
against mutagenesis were extended in 1989 to include protection against fission- 
spectrum neutrons. The extreme toxicity of this agent precluded its testing 
under in vivo conditions to ascertain the actual anti-mutagenic effect in a 
mammal. In 1987 the drug cysteamine was tested as an antimutagen, but no 
protective effects were observed unless it was present during irradiation 
(administered prior to). 

The problem of radiation-induced genotoxic damage leading to 
mutagenicity exists from both naturally occurring and man-made radiation 
sources. These range from cosmic radiations, ultra violet rays, radiations from 
nuclear reactors and war released materials, and radiations from diagnostic and 
therapeutic sources. The development of mutations and cancers arising from 
these radiations are well documented and prove to be a major health risk to the 
population as a whole as well as to high-risk groups employed in the nuclear 
power industry, military, and patients receiving diagnostic and therapeutic 
radiation treatments. 
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METHOD FOR PROTECTION 
AGAINST GENOTOXIC MUTAGENESIS 

The present invention is generally directed to a method for 
protecting against genotoxic mutational damage in radiation exposed mammals. 
More particularly the invention is concerned with the reduction of radiation 
induced mutations by use of an effective dose of S-omega-(omega- 
aminoalkylamino) alkyl dihydrogen phosphorothioates. 

Prior art techniques for protecting against the genotoxic effects 
of radiation by the S-omega-(omega-aminoalkylamino) allcyl dihydrogen 
phosphorothioates have focused on the pre-irradiation effect of dosages on 
amelioration of radiation's lethal effects with no appreciation for the anti- 
mutagenic, but only mutagenic effects. In prior art uses, it was required to 
administer maximum tolerated levels of the drugs prior to radiation exposure. 
Such requirements have limited the effectiveness of these agents because, when 
administered at the required maximum tolerated dose, they are debilitating 
causing fever, chills, rash, hypotension, nausea and vomiting. It is 
conventionally accepted that the drugs must be administered prior to radiation 
exposure which heretofore has precluded their use for individuals accidently 
exposed to radiation. Since 1949, the status of the prior art dictates that, in 
order for the radioprotective drug to be effective, it must be present before 
radiation exposure. The conventional understanding is also that the disulfide 
form of radioprotectors is incapable of providing protection. In drugs such as 
WR-2721 the level of protection is proportional to the amount of the drug 
administered. The prior art also teaches there are potential mutational properties 
of these agents which must be avoided. In particular, it has been suggested that 
one such agent in this class of phosphorothioates identified as S-2(3- 
aminopropylamino) ethyl phosphorothioic acid (also known as " WR-2721"), by 
way of intracellular reactions, can lead to the conversion of cytosine moieties in 
DNA to uracil. The result of use of WR-2721 can then be a mutagenic reaction 
in normal tissue. 

These above enumerated concerns, along with conventional 
wisdom existing since as long ago as 1949, have prevailed and have discouraged 
investigation into the potential of phosphorothioates and related aminothiol 
compounds as chemopreventative agents. 
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1. An antimutagenic chemical agent for mammalian cells 
exposed to irradiation with said agent administered post irradiation to the 
mammalian cells with said agent at least one of a chemical compound selected 
from the group consisting of a phosphorothioate and an associated 
phosphorothioate metabolite. 

2. The antimutagenic chemical agent as defined in Claim 1 
wherein said chemical compound is selected from the group consisting of S-2-(3- 
animopropylarfiino)ethylphosphorothioic acid (WR-2721), S-l- 
(aminoethyl)phosphorothioic acid (WR-638), S-[2-(3- 
memylanimopropyl)animoemyl]phosphorothioate acid (WR-3689) S-2-(4- 
ammobutylarriino)ethylphosphorothioic acid (WR-2822), 3-[(2-mercapto ethyl) 
anunojpropionamidep-toluenesulfonate (WR-2529), S-l-(2-hydroxy-3- 
arnino)propylphos P horothioic acid (WR-77913), 2-[3-(memylarruno)prop y laminol 
emanethiol(WR-255591),2<ammopropylammo)emanetW S -2-(5- 
animopentylammo)euhyIphosphorothioicacid(WR-2823) and l-[3-(3- ' 
ammopropyl)rJii azo Iiclin-2.yl]-D-gluco.l,2,3 ,4,5 pentane-pentol dihydrochloride 

(WR-255709), andENHdithiodi-2,l-emanediyl)bis-l,3-propanediarr^^ (WR- 
33278), 

3. A method for reducing mammal cell mutations induced by 
prior irradiation, comprising the step of: 

(a) preparing a dosage of at least about 25mg/kg of mammal body 
weight of a chemical compound selected from the group consisting of a 
phophorothioate and an associated phosphorothioate metabolite; and 

(b) administering said dosage to the mammal up to about 3 hours 
after irradiation of the mammal. 

4. The method as defined in Claim 3 wherein said dosage is 
about 400 mg/kg mammal weight. 

5. The method as defined in Claim 3 wherein said 
phosphorothioate and metabolite are selected from the group consisting of S-2-(3- 
arnmopropylamino)ethylphosphorothioic acid (WR-2721), S-l- 
(aminoethyl)phosphorothioic acid (WR-638), S-[2-(3-methyIaminopropyI) 
aminoethyljphosphorothioate acid (WR-3689), S-2-(4-aininobutylamino) 
ethylphosphorothioic acid (WR-2822), 3-[(2-merca P to ethyl) amino]propionamide 
p-toluenesulfonate (WR-2529), S-l-(2-hydroxy-3-amino)propyI phosphorothioic 
acid (WR-77913), 2-[3-(memylainmo) P ro P ylarnmo]ethanethioI (WR-255591) 2- 
(ammopro P yIamino)ethanethiol(WR-1065), S-2-(5-arnJno P entylamino)ethyl ' 
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phosphorothioic acid (WR-2823), and l-[3-(3-aminopropyl)thia2oIidin-2-yl]-D- 
gluco-1,2,3,4,5 pentane-pentol dihydrochloride (WR-255709), and ^N-Cdithiodi- 
2,l-ethanediyl)bis-l,3-propanediamine(WR-33278). 

6. The method as defined in Claim 3 wherein the irradiation is 

fast neutrons. 

7. The method as defined in Claim 3 wherein said time of 
administering said dosage ranges from immediately after irradiation to 3 hours 
following irradiation. 

8. The method as defined in Claim 3 further including the step 
of administering said dosage prior to the irradiation of the mammal. 

9. A method for reducing mammal cell mutations induced by 
prior irradiation, comprising the steps of: 

(a) preparing a dosage of at least about 25 mg/kg of mammal 
body weight of a chemical compound selected from the group consisting of a 
phosphorothioate and a metabolite thereof; 

(b) administering said dosage to the mammal at a time period 
ranging from immediately after irradiation to about 3 hours after irradiation of the 
mammal. 

10. The method as defined in Claim 9 wherein said 
phosphorothioate forms a polyamine type disulfide when administered to the 
mammal. 

1 1. The method as defined in Claim 9 wherein said disulfide 
metabolite N,NH<iithiodi-2, l-ethanediyl)bis-l,3-propanediamine. 

12. The method as defined in Claim 9 wherein said 
phosphorothioate and metabolite are selected from the group consisting of S-2-(3- 
aminopropylamino)ethylphosphorothioic acid (WR-2721), S-l-(aminoethyl) 
phosphorothioic acid (WR-638), S42-(3-methylaminopropyl)aminoethyl] 
phosphorothioate acid (WR-3689), S-2-(4-aminobutylamino)ethylphosphorothioic 
acid (WR-2822), 3-[(2-mercapto ethyl)amino]propionamide p-toluenesulfonate 
(WR-2529), S-l-(2-hydroxy-3-amino)propyl phosphorothioic acid (WR-77913), 2- 
[3<methylamino)propylamino]ethanethiol (WR-255591), 2- 
(aminopropylamino)ethanethiol (WR-1065), S-2<5-aminopentylamino)ethyl 
phosphorothioic acid (WR-2823), and l-[3<3-aminopropyl)thia2oUdin-2-yl]-D- 
gluco- 1,2,3,4,5 pentane-pentol dihydrochloride (WR-255709), and N,NHdithiodi- 
2,l-ethanediyl)bis-l,3-propanediamine (WR-33278). 
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13. A method for reducing mammal cell mutations induced by 
irradiation, comprising the steps of: 

(a) preparing a dosage of at least about 25mg/kg of mammal body 
weight of a chemical compound selected from the group consisting of a 
phosphorothioate and an associated phosphorothioate metabolite; and 

(b) administering said dosage to the mammal one of at least 
before irradiation and up to about 3 hours after irradiation of the mammal. 

14. The method as defined in Claim 13 wherein said 
phosphorothioate and metabolite are selected from the group consisting of 3-[(2- 
mercaptoethyl)amino]propionamide p-toluenesulfonate (WR-2529), S-l- 
(aminoethyl)phosphorothioic acid (WR-638), S-[2-(3- 

memylammopropyl)aminoethyl]phosphorothioate acid (WR-3689), and S-l-(2- 
hydroxy-3-amino)propyl phosphorothioic acid (WR-77913). 

15. The method as defined in Claim 14 wherein said dosage is 
aclrninistered about 30 minutes before irradiation. 

16. The method as defined in Claim 14 wherein said 
phosphorothioate or metabolite is phosphorothioic acid (WR-638) with said 
dosage of about 520 mg/kg and administered only after irradiation and within 10 
minutes of the irradiation. 

17. The method as defined in Claim 14 wherein said 
phosphorothioate or metabolite is aciministered only before irradiation and is 
selected from the group consisting of S-[2-(3-memylarninopropyl)aminoethyl] 
phosphorothioate acid (WR-3689), and S-2-(4-aminobutylamino) 
ethylphosphorothioic acid (WR-2822). 

18. A method for reducing mammal cell mutation induced by 
irradiation, comprising the steps of: 

(a) preparing a dosage of at least about 25mg/kg of mammal body 
weight of a chemical agent selected from the group consisting of 
phosphorothioates and an associated phosphorothioate metabolite; and 

(b) administering said dosage to the mammal one of at least 30 
minutes before irradiation and up to about 3 hours after irradiation of the mammal. 

19. The method as defined in Claim 18 wherein said chemical 
agent forms a polyamine-like disulfide following cellular metabolism. 

20. The method as defined in Claim 1 8 wherein said chemical 
agent is selected from the group consisting of S-2-(3- 
animopropylanuno)ethylphosphorothioic acid (WR-2721), S-l-(aminoethyl) 
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«w«Wnriiin?r. arid rWR-638Y S-r2-r3-methvlaminoDroDvl)amixioethyl] 
phosphorothioate (WR-3689), S-2-(4-aminobutylaraino)ethylphosphorothioic acid 
(WR-2822), 3-[(2-mercapto ethyl)amino]propionamide p-toluenesulfonate (WR- 
2529), S-l-(2-hydroxy-3-amino)propylphosphorothioic acid (WR-77913), 2-[3- 
(methylamino)propylamino]ethanethiol (WR-255591), 2- 
(aminopropylamino)ethanethiol (WR-1065), S-2-(5-ammopentylamino)ethyl 
phosphorothioic acid (WR-2823), and l-[3-(3-aminopropyl)thiazolidin-2-yI]-D- 
gluco-1,2,3,4,5 pentane-pentol dihydrochloride (WR-255709), and N,N'-(dithiodi- 
2, l-ethanediyl)bis- 1,3-propanediamine (WR-33278).. 

21. The use of a chemical compound selected from the group 
consisting of an aminophosphorothioate and thiol and disulfide derivatives thereof 
for preparation of a medicament for prevention of mutagenesis in mammalian cells 
exposed to mutagenic events. 

22. The medicament as defined in Claim 2 1 wherein said 
chemical compound is selected from the group consisting of S-2-(3- 
ammopropylaniino)ethylphosphorothioic acid (WR-2721), S-l-(aminoethyl) 
phosphorothioic acid (WR-638), S-[2-(3-memylammopropyl)aminoethyi] 
phosphorothioate acid (WR-3689), S-2-(4-ammobutylamino)ethylphosphorothioic 
acid (WR-2822), 3-[(2-mercapto ethyl)amino]propionamide p-toluenesulfonate 
(WR-2529), S-l-(2-hydroxy-3-amino)propyl phosphorothioic acid (WR-77913), 2- 
[3-(memylammo)propylaniino]ethanethiol (WR-255591), 2- 
(animopropylamino)ethanethiol (WR-1065), S-2-(5-ammopenrylamino)ethyl 
phosphorothioic acid (WR-2823), and l-[3-(3-aniinopropyl)thiazolidin-2-yl]-D- 
gluco-1,2,3,4,5 pentane-pentol dihydrochloride (WR-255709), and NLH - 
(dithiodi-2, l-ethanediyl)bis-l, 3-propanediamine (WR-33278). 

23 . The medicament as defined in Claim 2 1 wherein the 
mutagenic event is selected from the group consisting of exogenous radiation and 
chemical insult and endogenous cellular processes. 

24. The medicament as defined in Claim 2 1 wherein said 
compound is present in an amount equivalent to at least about 25 mg/kg of 

mammalian body weight. 

25. A chemical compound selected from the group consisting of 
an aminophosphorothioate and thiol and disulfide derivatives thereof for the 
preparation of a medicament to modulate enzymatic processes and promote 
genomic stabilization of mammalian cells exposed to mutagenic events. 
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26. The medicament as defined in Claim 25 wherein said 
chemical compound is selected from the group consisting of S-2-(3- 
ammopropylamino)ethylphosphorothioic acid (WR-2721), S-l-(aminoethyl) 
phosphorothioic acid (WR-638), S-[2-(3-memylammopropyl)arninoethyl] 
phosphorothioate acid (WR-3689), S-2<4-animoburylaniino)ethyIphosphorothioic 
acid (WR-2822), 3-[(2-mercapto emyl)amino]propionamide p-toluenesulfonate 
(WR-2529), S-l-(2-hydroxy-3-amino)propyl phosphorothioic acid (WR-77913), 2- 
[3-(me%lammo)propylamino]ethanethiol (WR-2555 91), 2- 
(anunopropylamino)ethanethiol (WR-1065), S-2-(5-aminopentylamino)ethyI 
phosphorothioic acid (WR-2823), and l-[3-(3-aminopropyl)thia2olidin-2-yl]-D- 
gIuco-1,2,3,4,5 pentane-pentol dihydrochloride (WR-255709), and N,N' - 
(dithiodi-2, l-ethanediyl)bis-l, 3-propanediamine (WR-33278). 

27. The medicament as defined in Claim 25 wherein the mutagenic 
event is selected from the group consisting of exogenous radiation and chemical 
insult and endogenous cellular processes. 

28. The medicament as defined in Claim 25 wherein said compound 
is present in an amount equivalent to at least about 25 mg/kg of mammalian body 
weight. 



BNSDOCIO: <WO 93I7689AI JA> 



WO 93/17689 



PCT/US93/023S6 



S i AitMfcNT UNDER ARTICLE 19 

Responsive to the International Search Report dated August 17, 
1993, Applicant submits amendments to the claims under Article 19 and pursuant 
to PCT Rule 46. Consideration and entry of the amendments is respectfully 
requested. 

The amendments presented herewith clarify the claimed invention(s) 
and/or are directed toward medicaments and the manufacture thereof. No new 
matter is introduced. Each amendment is fully supported by the specification 
originally filed as part of the application. 

Applicant reviewed the International Search Report before preparing 
the aforementioned amendments. Applicant's claimed inventions) are patentably 
distinguishable over the prior art references cited therein. 

Please refer to the accompanying letter, as required under Rule 
46.5(a), for an explanation as to the claim amendments and replacement sheets 
hereby filed. 
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